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Summary

Thisreportdiscussestheuseofwheelbrakesuponairplaqeq+-

Theresultsof teststodeterminetheeffectofwheelbrakeson

thelandingrunof anairplaneundervariousconditionsofload

andatvariouswindvelocitiesarepresented.Theadvantagesof

theuseofbrakesinreducingthelandingruaandinincreasing

thefacilityofgroundmaneuveringarediscussed,togetherwith
? methods,ofoperation&d application.

Introduction

Withthedevelopmentof aviation,theproblemofreducing

thelandingorgroundrunof airplaneshasinorea,sedinimpor- .

tance,psxticulaxlybecaus~of therestrictedandcongested

areasofmanycommercialairdromes.Severalmethodshavebeen

consideredandusedforthispurpose.Thesehavebeenlargely

methodsforincreasingthedrag,eitheraerodyn~ic~lyorby

frictionofthetailskidon theground.,Themethodwhichhas .

becomeverywidelyusedrecently,althoughnot yet ofthepro-

portionsofuniversaluse, cndwhichprovidestheleastdetyi-
●

mentsleffectaerodyns.micslly,istheuseofwheelbrakes.
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Theuseofwheelbrakeswasconsistently,avoidedformany

yearsonaccountofthebeliefthattheirusewouldproducean

overturningmomentwhichwouldbehazardous.However,tithin

thelastfewyearswheelbrakeshavebeenadaptedto airplanes

withconsiderablesatisfaction.Withthisinmind,theNational

AdvisoryOommitteeforAeronauticsdeterminedupona programof

investigationintotheeffectsoftheiruse.

MethodsandAppaXatus

..A..DouglasM 3 airplenewasequippedwithaninterns3ex-

pandingty’jfeofwheelbrakewitha speciallydevisedmechanism

foroperationdifferentiallyby footpeda18~
●

A *dl wheezre-

placedtheususltailskid(Figs.1 and2).

b Thisairplanewasselectedasithad-alargerangeGfdis-

posableloadanditwasdesiredtoinvestigatetheconditions

oflandingundervariousloadingconditions,aswellasunder

; variouswindvelocities.Itwasfoundthatinthelightest

condition,thatis,witha’minimumamountoffuelandpilot

alone,thegrossweightwas3?85poundsoTheintermediateload

consistedofa fullfuelload,pilot,andonepassenger,mslcing

a grossloadof4685pounds,andtheheavylea@,withtheaddi-

tionof~00poundsofleadshotinbags,madea gross,loadof

5385,pounds.Landingwitheachofthesethreeconditionsof

;oadingwasstudiedineachofthreedifferentwindvelocities

of approximatelyO, 10, and l? M,PiH.Theactualwindveloci-
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oflanding,measuredata pointascloseto

thepointoflandingaspossible,wereusedinthepreparation

of thedata.

Alllandingsweremadeon a selectedportionofthelanding

fieldwhtchwasas smoothanddryaspossible,andonwhichthe

grasswasnotmorethan6 inchesinheight.Inadditiontothe

variqtionqfloadingandwindvelocities,thebrslceswereused

intwoways: (1) thebrakepedd forcewasappliedsmoothly

throughoutthel&nding;and(2) thebrakeswerelockediq.the

airbeforethelandingwasmadeandheldinthisconditionas

faraspossiblethroughoutthegroundrtm.
.

InstrumentsandMeasurements

Thefollowinginstrumentsandmeasuringmethods

[1) anN.A.C.A.recordingair-speedmeter.toobtain

wereused:

theair

sp;edatthemomentoflanding;(2) anN.A.C.A. singlecompo-

nentaccelerometertoindicatethefiointoflanding;(3) an

N.A.C.A.timerto synchronizetheairspeedandaccelerofieter

records;(4) a hand-typeof anemometer,installedupona mount-

ing6 feeta~ovethegroundinthevicinity,andobservedatthe

momentoflanding,todeterminethewindvelocities;(5) %he

distancecoveredinthegroundrunoftheairplanewasm~asured

by a tape,itbeingfoundthatthepointatwhichtheairplane

touchedthegroundwaseasilydeterminedbyusingan~berof.

groundobserversbeforewhomthelandingwasmadeat clo6’erange.
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As theseobserversapproachedthepointofcontactaccordingto

theirvisualobservatio~theyinvariablyfoundsreadilydistin-

guishable,marksupontheturfwherethewheelshadfirstmade

cont~ct.Theotherendoftherunwaspositivelydeterminedby

hoidingthe?irplaneattheposition

themeasurementwascompleted.

Result

Fromthenumerouslandingsthus

atwhichit stoppeduntil

s

observed,thecurvesof

groundlayiingspeedagainstgroundrunwereplotted(Figs.3,

4, and5). Thegroundspeedwasdeterminedby subtractingthe

windvel;cityfromtheairspeedoftheairpl~eattheqoment
.

oflanding,asdeterminedby themethodsdescribedabove.

b

.

w

Forallthreeconditionsofloadingtheapplicationofthe

brakesafterlendingwasconsidered”thenormalmethodofoper-

ation.Thismethodgavea consistentreductioninlengthof

landi’ngrunascomparedtothelengthofrunwithoutbrakes.

A furtherreductioninlengthofrunmaybe obtainedby applying

thebrdsesbeforethelandingandholdingtheminthelocked

positionthroughoutasmuchofthelandingrumas ispossible.

This,however,isanunusualandsomewhatroughmethodofhand-

ling. Undersomeconditionsandwithsomeairplanesitmaybe

expectedthata tendencytonoseoverorto ground-loopbadly

willoccurwiththismethodofhandling.InFigure4 andto

someextentinFQ’uXe!5,itwillbenoticedthat thehigher
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“ speedsoflandingthecuxvesofgroundrunwiththebrakesap-

pliedbeforelanding,havea tendencyto convergeto~rd the

curvesof groundrunwithbrakesappliedafterlanding.ThisiS

explainedby thefactthatintheseteststhetendencytonose

over,ortoground-loopbec~e sufficientlygreatto forcethe

pilottorelievethebrakingpressure. .
Italsowillbenotedthatthelandingruninthelight

loadconditionwithoutbrakesislongerthanintheintermedi-

@e conditicmofloading.Thisisdueto thefactthatinland-

inginthelight10SXI conditionitwasverydifficultto.get .

thetaildownsoastoeffecta goodthree-pointlanding.This

conditionis,inherentinthistypeof airplanewhen”,soloaded.

Thelandingwastherefore

correspondinglylowdrag,

oflandiqgwasfromthree

madeata low

andhencethe

to fivemiles

angleof,attack,with

airspeedatthepoint

fasterthanitwould

have.beenwitha normalthree-pointlanding.Testsandmeasure_

men~swereconductedinthes~e,manneron a Douglas02H air-

plsm$..theresultsofwhichszeillustrated,inFigure6. The

resultsfromthesetwoquitedifferenttypesqrein agreement?

whichconfirmstheopiniomthattheresultsontheDouglasM 3

areapplicabletomostothertypes.

Discussionof

W thepreparationsforthese

Resuits

experiments,brakeshavebeen

. : used~d

planes.
k

studied,upona numberofmilitaryandcomercielair-

Efficientwheelbrakesofboththeinternalexpanding

,*
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@d externalcontractingtypeshavebeenused. The

operationare,however,ofgxeaterdiversity.They

operatedorfoot-operated,individuallyoperatedor

andusedsimultaneously.

6

methodsof

maybehand-

equalized

Whilethevslueofwheelbrakesisclearlyevidencedby the

, materialreductiorningroundrunwhichtheyafford,-itshouldbe

notedthattheyprovideotheradvantagesofverygreatvalue.

Ithasbeenfoundthattheyprovideeasymaneuverability,aAd
\
intheeffectingo,fveryshortturnswhiletaxytng;andenable

thepilotto offsettendenciestoground-loop.Theairplanemay

also.beheldwithoutchockswhilewarmingup theengine,by

lockingthebrakes.Withthesesecon&y endsinview,itcm
+ be seenthattheequalized,simultazieouslyoperatedbrakeisof

. reducedvalueon single-enginedairplanes.Multi-enginedair-

pl~es,ofcourse,maybemaneuveredbyuseoftheoutboard.
enginesindividually.

Thehand-operated’controlofbrakescsmhardlybe recommend-

edwhereitisnecessexyforthepilottousethem,butprove

quitesatisfactorywhereanassistantpilotormechanicisavail-

abletoworkthebrakecontrol,asonlargecommercialtypes.

Individuallyfoot-operatedbrakesofferby farthegreatestad-

pntages. Theseusuallyhavetakentheformofadditionalsgall

pedals”attachedtotherudderbarorrudderpedalsor,ashas

at:timesbeendone,by separatebrakepedalsinno wayconnected
. withtheusualruddercontrols~

●
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connectedtotheruddercontrolhave

be operatedby thetoeorby theheel

andinothercasesa tzeadle,whichisoperated~ rockingthe

wholefoot.Manyofthesearequitesatisfactory.Someintro-8
ducea difficultysinceitmightbepossibletousetheQr&.es

unintentionallyatimpropertimes,suchasintakingoff. It

mightbe-possibleto alleviatethesedifficulties,whether.the
!
operationwasby toeorheel,by fittinga levercontrolwhich,

in a firstposition,wouldlockthewheelbrakeswithoutpres-

sureon thepedalcontrol,in a secondpositionwouldpermit

theindividualuseofthewheelbrakesand,in

wouldentirelycutoutthebrakingsystemfrom

pedalcontrols.Thisarrangementwouldpermit

a thirdposition,

operation-bythe

thewheelsto

be lockedsimilaxto anautomobileparkingbrakeinthefirst

positio~inthesecondpositionwouldpermittheusualbrake

operation,andinthethirdposition,wouldpreventunin*en-

tio~aluseofthebrakes.

Thesuccessfuloperation,ofbrakesislargely,dependent

uponthepositionofthelandinggearandwheelswithrelation

to thecenterofgravity.Thewheelpositionshouldbe well

forward,asisnombecomingthecommonpractice,in ozderto

counteractthetendencytonoseover.Thiswillnotpresent

anyunusualdifficultyduetot,ailheavinessontheground,be-

causewiththeuseofthetailwheel,thenecessityforlifting

the tail in gxoundhandling will be eliminated.

1
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It shouldalsobeborneinmindthattailskidsarevery

destructiveto thesurfacesoflsmdir@fields.Itwillonlybe

a matteroftimewhenthe‘useofthetailskidwillbeprohib-

itedorpenalizedon sllregulatedairports.Thereplacement

of thetailskidwitha tailwheelwill,ofcourse,necessitate
\
theuseofwheelbrakes.

““Theuseofwheelbrakesimposesa loaduponthetires-

whichtheusualairplanetypeofuntreadedtireisnotcapable

of standing.Aircrafttiresforusewithbrakesshouldhavean

additionalheaviertread.Whethertheadditiona3treadshoyld .

be smoothorofthenon-skidstype,is a matterof selection.

Thenon-skidtypewillundoubtedlygivemoreeffectivebraking,
. althoughitstendencytotearmaybe asgreatasinthesmooth

treadaircrafttypeoftire.
●

conclusion

Airplanesuponwhichitis intended

s

thatwheelbrakesare

tobeused,shouldbe sodesignedasto eliminatethetendency

tonoseoverby placi~thelandinggearfarenoughaheadof

the.centero$’gravity.

Therecanbe nodoubt

advantageon anyairplane,

equippedwitha tailwhee’1

thatwheelbrakesaxeofVerygreat

p&ticularlywhentheairplaneis

inplaceofa tailskid.Theiruse

.-
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isnotlimitedto,thereductionofgro~ run,but,isofvery

practioslladditionaladvantageingroundmaneuvers.

Fromtheseexperimentsandexperiencesitisevidentthat

wheelbrakesarenecessaryequipmenton an airpl~e.Theonly

tenablereasomforomittingthemfroma newdesigmmustbe the

desiretoreducethecosttothelowestpossiblefiguze.

L~gleyMemorialAeronautic@.Laboratory,
NaticnalAdvisoryCommitteeforAeronautics,

LangleyFie”Ld,Vs.,April5,1929.
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~eeloftbeDouglasM3. 1310qJ7s.

.. .-.—-



. .
., . . . * .

.

.“
.Z

.

.

5CJ r

Br;kesapplied–\
be::orela ii-m

G c
.
‘.40
a
$ /
$’

)
%’
30

.Iie~
I

; 20 /
s
;u

10

/
; .

0 100 ,200 300 400 500 600 700 “ 800 900
Groundruninfeet

Fig.3Broke~es~sonDouglasM3.Grossweight378slb.



J’ . , .
● >

60-

b
~ ~

~ ‘

.50 afterlawi~

/
~

d BrakesIippl:.ed. before.land:.ng /~o
~

#

~

Y
o

d

~
/

3
2?0
o
8

10

0
0 100 200 300 4CUI 500 600 700 800 900

GroW runinfeet
F~g.4BraketestsonDouglasM3,G20ssweight4685lb.

.
cd
P
I-J



. . . . . .

P

“o
i-.

’70- !3
(D

~
‘60‘ /

/ 4
ti Br&e sa-~pl:~e~/ ~ >f%e].—-

o 100 200 300 400 500 600 700 . 8CKI 900 1000 1200 1300
Groundrun h feet.

Fig.5 Brake tests on DouglasM3. Grossweight5385 lb.



. .

“o 100 .200 300 400 500 600
Groundrun in feet

l?ig.6Brakete8ts on Douglas02% Gro8sweight

●

4465 lb.


